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Abstract 

Background: Non-melanoma skin cancer (NMSC), comprised of basal (BCC) and squamous (SCC) cell carcinomas, is 
the most common cancer in Caucasians. Ultraviolet radiation (UVR) exposure is the most important environmental 
risk factor for NMSC. However, the precise relationship between UVR and the risk of NMSC is complex, and the 
relationship may differ by skin cancer type. 

Methods: A case-control study was conducted among Florida residents to investigate measures of patterns 
(intermittent vs. continuous) and timing (childhood vs. adulthood) of sunlight exposure in BCC and SCC. 
Participants included 218 BCC and 169 SCC cases recruited from a university dermatology clinic and 316 controls 
with no history of skin or other cancers. 

Results: A history of blistering sunburn (a measure of intermittent sunlight exposure) was associated with both BCC 
(OR = 1 .96, 95% CI = 1 .27-3.03) and SCC (OR = 2.02, 95% CI = 1 .22-3.33). Additionally, having a job in the sun for 
>3 months for 10 years or longer (a measure of continuous sunlight exposure) was also associated with both BCC 
and SCC in our study population. With the exception of younger age at first blistering sunburn, measures of 
younger age at sunlight exposure tended to be associated with SCC, but not BCC risk. 

Conclusions: Results from the current study suggest that sunlight exposure is associated with both BCC and SCC 
risk regardless of the pattern in which the exposure was received (i.e. intermittent vs. continuous). The data also 
suggest that sunlight exposure at a younger age may be more important for SCC but not BCC, however additional 
studies are needed to further characterize sunlight exposure-response relationships in different types of NMSC. 

Keywords: Case-control, Sunlight, Patterns, Basal cell carcinoma. Squamous cell carcinoma. Non-melanoma skin 
cancer 



Background 

Non-melanoma skin cancer (NMSC), comprised of basal 
cell (BCC) and squamous cell (SCC) carcinomas, is the 
most common cancer in Caucasians, with more than one 
million new cases diagnosed annually in the United States 
(U.S.) alone [1]. While the mortality associated with 
NMSC is low [2,3], patients with multiple NMSC's may 
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experience substantial morbidity, and treatment costs for 
NMSC are high at the national level [4]. Furthermore, a 
history of NMSC has been consistently associated with 
increased risk of subsequent primary cancers of other 
sites in studies from both the U.S. and Europe [5-13]. 

Ultraviolet radiation (UVR) exposure is considered the 
most important environmental risk factor for both BCC 
and SCC. However, the precise relationship between 
UVR and the risk of NMSC is complex, and the relation- 
ship may differ by skin cancer type. Starting in the late 
1950s, researchers began to identify total (cumulative) 
outdoor sunlight exposure hours and sunlight exposure 
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on working and non-working days [14-19] as risk factors 
for NMSC. Results from these studies suggested that 
BCC and SCC may have different exposure-response 
relationships with sunlight. 

Patterns of sunlight exposure are continuous (i.e. per- 
sons working outdoors or living in a geographic region 
with a high annual UV index) or intermittent (i.e. per- 
sons working indoors and experiencing most of their 
sunlight exposure on the weekends or while vacationing 
to regions with a higher UV index than their place of 
residence). Timing of sunlight exposure refers to the 
period of life during which the majority of a person's sun- 
light exposure was experienced: childhood/adolescence, 
adulthood or both. Evidence from previous studies sug- 
gests that intermittent and childhood sunlight exposure 
may be important for the pathogenesis of BCC, whereas 
continuous, lifelong sunlight exposure may be important 
for SCC [20-24]. 

To further understand the relationship between sun- 
light exposure and risk of NMSC, a case-control study 
was conducted to investigate measures of patterns 
(intermittent vs. continuous) and timing (childhood vs. 
adulthood) of sunlight exposure in BCC and SCC. A 
major limitation of previously published studies is that 
they do not present direct comparisons between BCC 
and SCC from the same study population for associa- 
tions with measures of patterns and timing of sunlight 
exposure. Therefore, differences in the observed asso- 
ciations may be explained by methodological incon- 
sistencies in exposure measurement between study 
populations that investigate BCC or SCC alone. This is 
the first case-control study to simultaneously evaluate 
identical measures of patterns and timing of sunlight ex- 
posure as they are related to both BCC and SCC in the 
same U.S. population with high annual UVR exposure. 
The goal of the current study was to identify potential 
differences or similarities in sunlight exposure responses 
for BCC and SCC risk. 

Methods 

Study design and population 

A clinic-based case-control study was conducted to 
evaluate the relationship between patterns and timing 
of sunlight exposure and risk of BCC and SCC. Com- 
plete study procedures have been described in detail 
elsewhere [25]. The University of South Florida (USF) 
Dermatology (D) clinic served as the primary location 
for recruitment of NMSC cases, comprised of patients 
with histologically-confirmed BCC or SCC. Control 
participants were recruited from the USF Family Medi- 
cine (FM) clinic and Moffitt's Lifetime Cancer Screening & 
Prevention (LCS) clinic. Controls were individuals who 
self-reported no history of skin or other types of cancer 
and underwent a skin cancer screening exam at the 



time of study enrollment and screened negative for skin 
cancer. Additionally, patients that screened positive for 
a suspicious lesion, underwent a biopsy and were deter- 
mined to be negative for skin cancer were also included 
as controls. All participants were recruited between Oc- 
tober 30, 2006 and December 24, 2008. All participants 
provided written informed consent, and all study proce- 
dures were approved by the institutional review board 
at the University of South Florida. 

Participation rates for the USF-D, the USF-FM, and 
LCS clinics were 80%, 47%, and 65%, respectively. There 
were no statistically significant differences in age or gen- 
der between those NMSC patients who agreed to par- 
ticipate and those that refused. A total of 358 controls, 
245 BCC cases and 191 SCC cases were enrolled. The 
current study population was restricted to participants 
that provided complete questionnaire data (Controls: 
n = 358; BCC: n = 222; SCC: n = 170) and to White indi- 
viduals and includes 218 BCC and 169 SCC cases and 
316 controls, between the ages of 18 and 80. 

Exposure assessment 

Self-administered questionnaires were used to obtain in- 
formation on sunlight exposures and potential con- 
founding factors, including age, gender, ethnicity, 
education, eye and hair color, ever smoking, skin sensi- 
tivity to sunlight exposure (measured by skin reaction to 
one hour of sunlight exposure for the first time without 
sunscreen), and tanning ability (measured by change in 
skin color to repeated exposure to the summer sun). 
Patterns of sunlight exposure were measured using 
questions on history of blistering sunburn (yes/no), ever 
having a job in the sunlight for >3 months (yes/no), the 
number of years with a job in the sunlight for >3 months 
(<1, 1-5, 6-10, or >10 years), lifetime frequency of tan- 
ning bed use (<10, 11-50, 51-100, >100 times), fre- 
quency of sunscreen application with a sunlight 
protection factor (SPF) of >15 when outside for more 
than 15 minutes during the summer (always, often, 
sometimes, rarely, never), and the number of hours of 
mid-day sunlight exposure on a typical weekday (<1, 1-2, 
3-4, 5-6 hours) and weekend day (<1, 1-2, 3-4, 5-6 
hours) in the summer during one's teen years, twen- 
ties, thirties, and the past ten years prior to study en- 
rollment. Experiencing blistering sunburn is considered a 
marker of intermittent sunlight exposure. Additionally, 
using sunscreen always/often or rarely/ never is con- 
sidered experiencing continuous sunlight exposure and 
using sunscreen some of time is considered intermittent 
sunlight exposure. 

Timing of sunlight exposure was measured using 
questions on the age at which a blistering sunburn was 
experienced (<5, 6-10, 11-15, 16-20, >20 years), the 
number of moles larger than one quarter of an inch in 
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diameter on the forearms (none, <10, 10-25, >25 moles) 
and on the entire body (none, <10, 10-25, >25 moles), 
the age at first tanning bed use (<15, 16-20, >20 years), 
and the number of hours of mid-day sunlight exposure 
on a typical weekday (<1, 1-2, 3-4, 5-6 hours) and 
weekend day (<1, 1-2, 3-4, 5-6 hours) in the summer 
during one's teen years, twenties, thirties, and in the past 
ten years prior to study enrollment. The presence of 
moles is considered an indicator of increased sunlight 
exposure in childhood or adolescence [26-31]. 

Statistical analysis 

Demographic and skin cancer risk factors were com- 
pared between cases and controls using the chi-square 
test. To test whether measures of patterns or timing of 
sunlight exposure were associated with BCC or SCC, 
separate odds ratios (OR) and corresponding 95% con- 
fidence intervals (CI) for each skin cancer type were cal- 
culated using unconditional logistic regression. Backward 
stepwise elimination was used to identify confounders 
from those factors previously shown to be associated 
with sunlight exposure and NMSC, including age (as a 
continuous variable), gender, ethnicity, education, eye, 
hair, and un-tanned skin color, cutaneous sensitivity and 
tanning ability to sunlight exposure, history of ever 
smoking, and alcohol consumption in the past year. 
Each factor retained in the model at p<.10 was in- 
cluded in the final regression models; these factors in- 
cluded age, gender, ethnicity, education, eye and hair 
color, cutaneous sensitivity, tanning ability, and history 
of ever smoking. Variance inflation factors and Pearson 
correlation coefficients were estimated to identify mul- 
ticollinear relationships between independent risk fac- 
tors. No collinearity between co-factors and measures 
of patterns and timing of sunlight exposure was ob- 
served. Tests for trend in associations between mea- 
sures of patterns and timing of sunlight exposure in 
BCC/SCC were conducted by assigning ordinal values 
to each category and including the ordinal variable in 
the logistic regression model. 

Factors associated with skin susceptibility to sunlight 
exposure have the potential to be factors on the causal 
pathway between UVR exposure and skin cancer. There- 
fore, to demonstrate the impact of these factors on the 
associations of interest, we present results from two dif- 
ferent multivariate analyses. The first multivariate ana- 
lysis adjusted for demographic and lifestyle factors only 
(i.e. age, gender, education, and history of ever smoking) 
and the second adjusted for demographic and lifestyle 
factors, as well as measures of skin susceptibility to sun- 
light exposure (i.e. ethnicity, eye and hair color, cutane- 
ous sensitivity and tanning ability to sunlight exposure). 

Utilizing data collected on the number of hours of 
sunlight exposure experienced on a typical weekday and 



weekend day during the summer in different time peri- 
ods, summary scores were calculated. To measure cu- 
mulative sunlight exposure in early life (i.e. teens, 
twenties, and thirties), a median value was applied to 
each category of hours of sunlight exposure (<1 hour = 
0.5; 1-2 hours = 1.5; 3-4 hours = 3.5; 5-6 hours = 5.5) 
on a weekday and weekend day. The median values for 
weekday and weekend sunlight exposure were first 
summed for each age group, then summed across age 
groups (i.e. teens, twenties, and thirties) and finally 
divided into three categories: low, medium, and high. 
For intermittent sunlight exposure in early life, median 
values were once again applied to each category of hours 
of sunlight exposure. The ratio of median hours on a 
weekend day relative to that on a weekday was estimated 
separately for one's teen years, twenties, and thirties, 
summed across the three decades, and then divided into 
three groups: low (representing continuous sunlight ex- 
posure), medium, and high. Analyses including summary 
scores measuring sunlight exposure in early life were 
restricted to participants who were >40 years of age. 

For patterns of sunlight exposure by age at exposure 
(i.e. one's teens, twenties, thirties, and the 10 years prior 
to study enrollment), the participant was considered as 
having had continuous sunlight exposure if the reported 
number of hours of weekday sunlight exposure (1-2 or 
3-6 hours) equaled that of weekend sunlight exposure 
(1-2 or 3-6 hours). However, if the reported number of 
hours of weekday sunlight exposure was less than that of 
weekend sunlight exposure, then the participant was 
considered as having intermittent sunlight exposure. 
Participants classified as having continuous or intermit- 
tent sunlight exposure were compared to participants 
with <1 hour of sunlight exposure on a typical weekday 
and weekend day. Daily sunlight exposure by age at ex- 
posure was measured by summing the median values of 
weekday and weekend hours of sunlight exposure and 
then dividing the values into three categories: low, 
medium, and high, independently for each time period. 

The likelihood ratio test (LRT) was used to compare 
the statistical significance of the differences in effect 
sizes between BCC and SCC for each sun-related factor 
measured. Multiple testing was accounted for using 
Bonferroni correction. All analyses were performed 
using the SAS statistical software package (version 9.1.3; 
SAS Institute). 

Results 

Demographic, lifestyle, and skin susceptibility factors are 
presented for cases and controls in Table 1. Compared 
to controls, cases were significantly more likely to be 
older in age (BCC: p = <.0001; SCC: p = <.0001), male 
(BCC: p = <.0001; SCC: p = <.0001), less educated (BCC: 
p = 0.0004; SCC: p = 0.001), and ever smokers (BCC: 
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Table 1 Demographic, lifestyle, and skin cancer risk 
factors in BCC and SCC cases and controls 



Controls BCC SCC 

(n = 316) (n=218) (n = 169) 



Variable 


n (%) 


n (%) 


p-value 


n (%) 


p-value 


Age mean 
(S.D.) 


55.6 (11.8) 


62.8 (11.9) 


<.0001 


64.8 (9.6) 


<.0001 


Age (years) 












18-29 


9 (2.9) 


1 (0.5) 


<.0001 


1 (0.6) 


<.0001 


30-39 


21 (6.7) 


6 (2.8) 




2 (1.2) 




40-49 


55 (17.4) 


24 (1 1 .0) 




1 0 (5.9) 




50-59 


1 09 (34.5) 


46 (21.1) 




30 (1 7.8) 




60-69 


88 (27.9) 


64 (294) 




68 (40.2) 




70-80 


34 (10.8) 


77 (35.3) 




58 (34.3) 




Gender 












Male 


1 1 7 (37.0) 


133 (61.0) 


<.0001 


1 08 (63.9) 


<.0001 


Female 


199 (63.0) 


85 (39.0) 




61 (36.1) 




Ethnicity 












Non-Hispanic 


280 (88.6) 


208 (95.4) 


0.003 


161 (95.3) 


0.0003 


Hispanic 


32 (10.1) 


7 (3.2) 




2 (1.2) 




Education 












<12 years 


32 (10.1) 


46 (21.1) 


0.0004 


36 (21.3) 


0.001 


>12 years 


280 (88.6) 


168 (77.1) 




1 29 (76.3) 




Smoked 100 cigarettes 










Never 


161 (50.9) 


81 (37.2) 


0.002 


51 (30.2) 


<.0001 


Ever 


1 54 (48.7) 


134 (61.5) 




1 14 (67.5) 




Alcohol consumption 










> 1 drink in 
past year 


274 (86.7) 


177 (81.2) 


0.09 


1 30 (76.9) 


0.02 


No drinks 
in past year 


40 (12.7) 


39 (17.9) 




35 (20.7) 




Eye color 












Blue 


94 (29.7) 


87 (40.0) 


0.009 


69 (40.8) 


0.02 


Green 


50 (16.1) 


24 (11.0) 




25 (14.8) 




Hazel 


52 (16.5) 


48 (22.0) 




31 (18.3) 




Light brown 


36 (11.4) 


22 (10.1) 




18 (10.7) 




Dark brown 


80 (25.3) 


35 (16.1) 




22 (13.0) 




Hair Color 












Black/Brown 


245 (77.5) 


1 52 (69.7) 


0.04 


1 1 3 (66.9) 


0.02 


Blonde/Red 


70 (22.2) 


65 (29.8) 




53 (31.4) 




Color of un-tanned skin 










White 


299 (94.9) 


209 (96.3) 


0.38 


161 (95.3) 


0.55 


Brown 


1 5 (4.8) 


7 (3.2) 




6 (3.6) 




Cutaneous sensitivity to sunlight exposure 






Sunburn 
with blisters 


29 (9.2) 


33 (15.1) 


0.0001 


22 (13.0) 


0.005 


Sunburn 


96 (304) 


95 (43.6) 




71 (42.0) 





w/o blisters 



Table 1 Demographic, lifestyle, and skin cancer risk 
factors in BCC and SCC cases and controls (Continued) 



IVlild 

sunburn/tan 


144(45.6) 65(29.8) 


50 (29.6) 


Tan/no 
change 
color 


44 (13.9) 21 (9.6) 


22 (13.0) 


Tanning ability to sunlight exposure 




It is unable 
to tan 


22 (7.0) 1 5 (6.9) 0.04 


26(15.4) <.0001 


Tan if you 
work at it 


103 (32.6) 93 (42.7) 


77 (45.6) 


It tans easily 


186(58.9) 104(47.7) 


62 (37.6) 



'p-value for chi-square test. 



p = 0.002; SCC: p = <.0001). Additionally, NMSC cases 
were more likely to have light eye and hair color, a 
greater tendency to burn and a lesser tendency to tan 
from sunlight exposure, compared to controls. 

Associations between patterns of sunlight exposure 
and NMSC are presented in Table 2. When adjusting for 
demographic and lifestyle factors only, a history of blis- 
tering sunburn was positively associated with both BCC 
(OR = 1.96, 95% CI = 1.27-3.03) and SCC (OR = 2.02, 95% 
CI = 1.22-3.33). Ever having a job in the sunlight for 
>3 months was significantly associated with SCC (OR = 
1.73, 95% CI = 1.06-2.83) but not BCC (OR = 1.38, 95% 
CI = 0.89-2.14). However, having a job in the sunlight for 
>3 months for >10 years was significantly associated 
with both BCC (OR = 2.14, 95% CI = 1.12-4.11) and SCC 
(OR = 2.54, 95% CI = 1.23-5.28). With the exception of 
having a job in the sunlight for >10 years, the associa- 
tions described above were no longer statistically signifi- 
cant after skin susceptibility co-factors were added to 
the multivariate models. When adjusting for demo- 
graphic and lifestyle factors only, no associations were 
observed between levels of cumulative sunlight exposure 
or patterns of exposure in one's twenties or thirties and 
either BCC or SCC. However, after additional adjust- 
ment for measures of skin susceptibility, high levels of 
cumulative sunlight exposure were associated with BCC 
(OR = 1.88, 95% CI = 1.07-3.31) and medium (OR = 2.36, 
95% CI = 1.22-4.57) and high (OR = 2.47, 95% CI = 1.25- 
4.91) levels of cumulative sunlight exposure were signifi- 
cantly associated with SCC, compared to low levels in 
early life. Additionally, sunlight exposure in one's twen- 
ties was associated with SCC regardless of the pattern of 
exposure; specifically, an OR of 2.99 (95% CI = 1.19-7.48) 
was associated with continuous hours and an OR of 3.15 
(95% CI = 1.27-7.83) was associated with intermittent 
hours of exposure compared to <1 hour of sunlight ex- 
posure. Finally, in one's thirties, statistically significant 
associations were observed between intermittent hours 
of sunlight exposure and BCC (OR = 2.09, 95% CI = 1.11- 



Table 2 Associations of measures of patterns of sunlight exposure in BCC and SCC cases and controls 



Variable 


Controls (n = 316) 


Basal cell carcinoma (n = 218) 




Squamous cell carcinoma (n = 169) 




n (%) 


n (%) 


OR (95% Cl)^ 


OR (95% Cl)^ 


n (%) 


OR (95% Cl)^ 


OR (95% Cl)^ 


Blistering Sunburn 
















No 


101 (32.3) 


54 (25.0) 


1 .00 (reference) 


1 .00 (reference) 


38 (23.0) 


1 .00 (reference) 


1 .00 (reference) 


Yes 


212 (67.7) 


1 62 (75.0) 


1.96 (1.27-3.03) 


1 .56 (0.96-2.54) 


1 27 (77.0) 


2.02 (1.22-3.33) 


1.24 (0.71-2.18) 


Job in sun >3 months 
















No 


227 (72.8) 


120 (55.3) 


1 .00 (reference) 


1 .00 (reference) 


86 (51.8) 


1.00 (reference) 


1 .00 (reference) 


Yes 


85 (27.2) 


97 (44.7) 


1.38 (0.89-2.14) 


1.31 (0.81-2.12) 


80 (48.2) 


1.73 (1.06-2.83) 


1 .72 (0.99-2.97) 


# years with job 
















<10 


57 (18.7) 


47 (22.3) 


1.17 (0.70-1.94) 


1.07 (0.61-1.86) 


44 (27.0) 


1 .64 (0.94-2.86) 


1 .64 (0.88-3.07) 


>10 


21 (6.9) 


44 (20.9) 


2.14 (1.12-4.11) 


2.12 (1.05-4.27) 


33 (20.2) 


2.54 (1.23-5.28) 


2.36 (1.07-5.20) 








Ptrend = 0.03 


Ptrend = 0.06 




Ptrend = 0.01 


Ptrend = 0.02 


Lifetime tanning bed use 


209 (71.3) 


1 75 (82.5) 


1 .00 (reference) 


1 .00 (reference) 


1 27 (80.9) 


1 .00 (reference) 


1 .00 (reference) 


Never used 


44 (15.0) 


25 (11.8) 


0.99 (0.56-1.76) 


0.99 (0.53-1 .82) 


18(11 .5) 


1.01 (0.52-1.98) 


0.80 (0.38-1.71) 


1-10 times 


40 (13.7) 


12 (5.7) 


0.64 (0.30-1.36) 


0.64 (0.30-1 .36) 


12 (7.6) 


1.67 (0.75-3.73) 


1 .85 (0.74-4.52) 


>10 times 






Ptrend = 0.32 


Ptrend = 0.20 




Ptrend = 0.29 


Ptrend = 0.40 


Apply SPF^ >15 
















Always/often 


124 (39.6) 


82 (37.8) 


1 .00 (reference) 


1 .00 (reference) 


53 (32.5) 


1 .00 (reference) 


1 .00 (reference) 


Sometimes 


98 (31.3) 


59 (27.2) 


0.79 (0.50-1.26) 


0.87 (0.52-1 .45) 


56 (34.4) 


0.83 (0.49-1.42) 


0.86 (047-1.59) 


Rarely/never 


91 (29.1) 


76 (35.0) 


0.83 (0.52-1.32) 


0.93 (0.56-1 .54) 


54 (33.1) 


0.79 (0.46-1.36) 


0.87 (0.48-1.50) 


Cumulative sunlight exposure 
















Low 


87 (32.3) 


52 (27.4) 


1 .00 (reference) 


1 .00 (reference) 


35 (22.7) 


1 .00 (reference) 


1 .00 (reference) 


Medium 


92 (34.2) 


54 (28.4) 


1.02 (0.61-1.69) 


1.42 (0.81-2.50) 


57 (37.0) 


1 .49 (0.84-2.64) 


2.35 (1.22-4.57) 


High 


90 (33.5) 


84 (44.2) 


1 .37 (0.83-2.27) 


1.88 (1.07-3.31) 


62 (40.3) 


1 .59 (0.88-2.87) 


2.47 (1.25-4.91) 


Intermittent sunlight exposure 
















Low 


91 (33.8) 


80 (42.1) 


1 .00 (reference) 


1 .00 (reference) 


59 (38.3) 


1 .00 (reference) 


1 .00 (reference) 


Medium 


84 (31.2) 


52 (27.4) 


0.99 (0.60-1.64) 


1 .26 (0.72-2.22) 


46 (29.9) 


1.25 (0.71-2.20) 


1 .58 (0.83-3.00) 


High 


94 (34.9) 


58 (30.5) 


1.15 (0.70-1.88) 


1.23 (0.72-2.10) 


49 (31.8) 


1.48 (0.85-2.58) 


1 .57 (0.83-2.94) 


Patterns by age at exposure 
















Teens 
















<1 hour 


18 (6.0) 


1 2 (6.0) 


1 .00 (reference) 


1 .00 (reference) 


4 (2.5) 


1 .00 (reference) 


1 .00 (reference) 


Continuous hours 


151 (50.0) 


113 (56.8) 


1.04 (0.45-2.41) 


0.97 (0.38-248) 


96 (60.4) 


2.33 (0.69-7.90) 


1 .75 (048-647) 


Intermittent hours 


1 33 (44.0) 


74 (37.2) 


1 .08 (0.46-2.54) 


1.10 (0.42-2.83) 


59 (37.1) 


2.26 (0.66-7.78) 


1 .85 (0.50-6.94) 



Twenties 



Table 2 Associations of measures of patterns of sunlight exposure in BCC and SCC cases and controls (Continued) 



<1 hour 


34 (11.3) 


1 8 (9.0) 


1 .00 (reference) 


1 .00 (reference) 


11 (6.9) 


1 .00 (reference) 


1 .00 (reference) 


Continuous hours 


1 02 (33.9) 


91 (45.5) 


1.36 (0.68-2.71) 


1.58 (0.75-3.36) 


74 (46.5) 


2.01 (0.86-4.67) 


2.99 (1.19-7.48) 


Intermittent hours 


1 65 (54.8) 


91 (45.5) 


1 .30 (0.66-2.56) 


1.56 (0.74-3.26) 


74 (46.5) 


2.11 (0.92-4.88) 


3.15 (1.27-7.83) 


Thirties 
















<1 hour 


60 (20.5) 


27 (13.6) 


1 .00 (reference) 


1 .00 (reference) 


18 (11.3) 


1 .00 (reference) 


1 .00 (reference) 


Continuous hours 


85 (29.0) 


79 (39.9) 


1.31 (0.72-2.40) 


1 .77 (0.90-349) 


69 (43.4) 


1.55 (0.77-3.10) 


2.25 (1 .02-4.94) 


Intermittent hours 


148 (50.5) 


92 (46.5) 


1.38 (0.79-241) 


2.09 (1.1 1-3.93) 


72 (45.3) 


1 .47 (0.76-2.85) 


1.95 (0.92-412) 


Past 10 years 
















<1 hour 


63 (28.6) 


52 (30.2) 


1 .00 (reference) 


1 .00 (reference) 


49 (33.1) 


1 .00 (reference) 


1 .00 (reference) 


Continuous hours 


74 (33.6) 


83 (48.3) 


0.88 (0.51-1.52) 


1.14 (0.62-2.12) 


64 (43.2) 


0.81 (0.46-142) 


1 .35 (0.69-2.64) 


Intermittent hours 


83 (37.7) 


37 (21.5) 


0.57 (0.32-1.03) 


0.67 (0.35-1.28) 


35 (23.6) 


0.60 (0.33-1.10) 


0.93 (0.46-1.89) 



^Odds ratios (OR) and 95% confidence intervals (CI) adjusted for age, gender, education, and history of ever smoking. 

^OR and 95% CI adjusted for age, gender, education, history of ever smoking, ethnicity, eye and hair color, cutaneous sensitivity and tanning ability to sunlight exposure. 
^SPF = sun protection factor. 
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Table 3 Associations of measures of tinning of sunlight exposure in BCC and SCC cases and controls 



Controls (n = 31 6) Basal cell carcinoma (n = 21 8) 



Squamous cell carcinoma (n = 169) 



Variable 



n (%) 



n (%) 



OR (95% ay OR (95% Cl)^ n (%) 



OR (95% CI)' OR (95% Cl)^ 



# of moles on forearms 

None 220 (71.4) 

<10 80(26.0) 

>10 8(2.6) 

# of moles on entire body 

None 118(39.1) 

<10 147 (48.7) 

>10 37 (12.3) 

Age at 1^' blistering sunburn 

None 101 (32.9) 

<10 years 62 (20.2) 

10-20 years 108(35.2) 

>20 years 36(11.7) 

Age at 1^' tanning bed use 

Never used 209 (67.0) 

<20 years 38(12.2) 

>20 years 65 (20.8) 

Daily sunlight exposure by age at exposure 
Teens 

63 (20.9) 
104 (34.4) 



Low 
Medium 

High 

Twenties 

Low 

Medium 

High 

Thirties 

Low 

Medium 

High 

Past 10 years 

Low 

Medium 

High 



135 (44.7) 

121 (40.2) 
114 (37.9) 
66 (21.9) 

152 (51.9) 
103 (35.2) 
38 (13.0) 

126 (57.3) 
65 (29.5) 
29 (13.2) 



155 (71.8) 
53 (24.5) 
8 (3.7) 



79 (36.9) 
1 07 (50.0) 
28 (13.1) 



54 (25.2) 
47 (22.0) 
84 (39.3) 
29 (13.6) 



1 75 (80.3) 
20 (9.2) 
23 (10.6) 



27 (13.6) 
68 (34.2) 
1 04 (52.3) 

62 (31.0) 
79 (39.5) 
59 (29.5) 

87 (43.9) 

63 (31.8) 
48 (24.2) 

76 (44.2) 
59 (34.3) 
37 (21.5) 



1 .00 (reference) 
0.84 (0.54-1.31) 
1 .65 (0.57-4.77) 

Ptrend = 0.96 

1 .00 (reference) 
1.11 (0.73-1.67) 
1.18 (0.64-2.19) 

Ptrend = 0.54 

1 .00 (reference) 
1.97 (1.14-3.42) 
2.15 (1.32-3.52) 
1.71 (0.89-3.28) 

Ptrend = 0.01 



1 .00 (reference) 
0.55 (0.40-1.06) 
1.75 (0.55-5.61) 

Ptrend = 0.45 



1 .00 (reference) 
1 .35 (0.73-249) 
1 .73 (1 .00-2.99) 
1 .57 (0.83-3.37) 

Ptrend = 0.05 



1 .00 (reference) 1 .00 (reference) 
1.09 (0.58-2.05) 1.10 (0.55-2.18) 



0.64 (0.64-1.12) 

Ptrend = 0.46 



1 .00 (reference) 
1.28 (0.71-2.30) 
1 .38 (0.78-243) 

1 .00 (reference) 
1.20 (0.77-1.88) 
1.22 (0.73-2.31) 

1 .00 (reference) 
0.90 (0.58-1.39) 
1.20 (0.68-2.10) 

1 .00 (reference) 
1 .05 (0.64-1 .74) 
141 (0.74-2.58) 



0.55 (0.30-1.05) 

Ptrend = 0.33 



1 .00 (reference) 
1.18 (0.52-2.25) 
1 47 (0.78-2.77) 

1 .00 (reference) 
1.35 (0.82-2.21) 
1.31 (0.75-2.31) 

1 .00 (reference) 
0.98 (0.50-1.58) 
1 .28 (0.59-2.35) 

1 .00 (reference) 
1.15 (0.55-2.01) 
1 .52 (0.79-3.30) 



1 1 5 (59.7) 
39 (23.6) 
1 1 (5.7) 



1 .00 (reference) 56(341) 

1.03(0.55-1.50) 76(45.3) 

1.05 (0.55-2.04) 32 (19.5) 

Ptrend = 0.86 



38 (23.5) 
46 (28.4) 
65 (401) 
1 3 (8.0) 



127 (75.5) 
23 (13.9) 
1 6 (9.6) 



21 (13.2) 
55 (34.6) 
83 (52.2) 

53 (33.3) 
51 (32.1) 
55 (34.6) 

64 (40.3) 
62 (39.0) 
33 (20.8) 

80 (541) 
40 (27.0) 
28 (18.9) 



1 .00 (reference) 
0.92 (0.55-1.52) 
3.27 (1.12-9.58) 

Ptrend = 0.25 



1 .00 (reference) 
0.94 (0.54-1.54) 
2.59 (0.75-9.59) 

Ptrend = 0.43 



1 .00 (reference) 1 .00 (reference) 
1.15 (0.72-1.85) 1.22 (0.71-2.09) 



2.12 (1.11-4.05) 

Ptrend = 0.04 

1 .00 (reference) 
2.25 (1.22-413) 
2.37 (1.34-4.21) 
0.95 (042-2.20) 

Ptrend = 0.1 7 

1 .00 (reference) 
1.97 (1.01-3.85) 
0.77 (0.40-1.50) 

Ptrend = 0.95 



1 .00 (reference) 
1 .24 (0.54-242) 
1 43 (0.75-2.73) 

1 .00 (reference) 
0.82 (0.49-1.37) 
1 40 (0.80-2.44) 

1 .00 (reference) 
1.08 (0.55-1.75) 
1.15 (0.51-2.18) 

1 .00 (reference) 
0.77 (0.45-1.31) 
1.15 (0.59-2.25) 



2.15 (1.03-4.52) 

Ptrend = 0.06 

1 .00 (reference) 
1.07 (0.53-2.15) 
1 .52 (0.85-3.04) 
0.81 (0.33-2.01) 

Ptrend = 0.53 

1 .00 (reference) 
1.97 (0.91-4.27) 
0.78 (0.37-1 .55) 

Ptrend = 0.98 



1 .00 (reference) 
0.94 (045-1 .97) 
1 40 (0.58-2.89) 

1 .00 (reference) 
0.97 (0.54-1.73) 
1.55 (0.83-2.91) 

1 .00 (reference) 
1 .35 (0.78-2.37) 
1 .30 (0.53-2.58) 

1 .00 (reference) 
1.13 (0.51-2.10) 
1.57 (0.73-3.35) 



^Odds ratios (OR) and 95% confidence intervals (CI) adjusted for age, gender, education, and history of ever smoking. 

^OR and 95% CI adjusted for age, gender, education, history of ever smoking, cutaneous sensitivity and tanning ability to sunlight exposure. 

3.93) while continuous hours of sunlight exposure were included in the multivariate models, no statistically sig- 

associated with SCC (OR = 2.25, 95% CI = 1.02-4.94), nificant associations in BCC or SCC were observed with 

compared to <1 hour of exposure, when adjusting for tanning bed use, sunscreen use, levels of intermittent 

skin susceptibility co-factors. Regardless of the covariates sunlight exposure in early life, and patterns of sunlight 



lannacone ef al. BMC Cancer 2012, 12:417 
http://www.biomedcentral.com/1471-2407/12/417 



Page 8 of 1 1 



exposure in one's teens and the past ten years prior to 
study enrollment. 

Table 3 presents the associations between measures of 
timing of sunlight exposure and BCC and SCC. When 
adjusting for demographic and lifestyle factors only, 
associations with SCC were observed for the presence of 
>10 moles on the forearms (OR = 3.27, 95% CI = 1.12- 
9.58) and entire body (OR = 2.12, 95% CI = 1.11-4.06), 
compared to no moles. Similar associations were not 
observed with BCC. Experiencing a blistering sunburn 
in young childhood or adolescence was significantly 
associated with both BCC (<10 years: OR = 1.97, 95% 
01=1.14-3.42; 10-20 years: OR = 2.15, 95% CI =1.32- 
3.52) and SCC (<10 years: OR = 2.25, 95% 01 = 1.22-4.13; 
10-20 years: OR = 2.37, 95% CI = 1.34-4.21), compared 
to never experiencing blistering sunburn. SCC cases 
were more likely to begin using a tanning bed prior to 
age 20 (OR = 1.97, 95% 01 = 1.01-3.85), compared to 
never users. No significant associations with BCC were 
observed for age at first tanning bed use. Elevated OR 
estimates were observed for high levels of daily sunlight 
exposure during the summer with BCC and SCC across 
all time periods, however, none of these associations 
achieved statistical significance (Table 3). When includ- 
ing measures of skin susceptibility to sunlight exposure 
to the multivariate models, little differences were 
observed in the magnitudes of associations between 
measures of timing of sunlight exposure and BCC/SCC. 

Discussion 

A clinic based case-control study was conducted to 
identify associations between patterns and timing of sun- 
light exposure and two types of NMSC, BCC and SCC. 
It has been suggested that BCC and SCC risk may differ 
by the patterns and timing in which sunlight exposure 
was received. Utilizing similar definitions of sunlight ex- 
posure (i.e. number of hours of sunlight exposure to de- 
fine intermittent and continuous exposure) we 
investigated multiple measures of sunlight exposure in 
BCC and SCC simultaneously and did not observe dif- 
ferences in measures of intermittent and continuous pat- 
terns of sunlight exposure between the two types of skin 
cancer. For example, having a job in sun for >10 years 
and cumulative sunlight exposure in early life were asso- 
ciated with both BCC and SCC. In addition, the appear- 
ance of >10 moles on the entire body was significantly 
associated with SCC but not BCC, although the LRT did 
not demonstrate statistically significant differences in the 
OR effect sizes in SCC versus BCC. 

Findings from previous studies that aimed to quantify 
the association between the amount of sunlight exposure 
and NMSC suggested that intermittent sunlight exposure 
is associated with BCC [24,32] while chronic sunlight 
exposure is associated with SCC [17,20,33-36]. Two of 



three previous case-control studies [20,34,37] observed 
associations between SCC and history of blistering sun- 
burn while no associations have been previously reported 
with BCC [24,34,37,38]. Blistering sunburn is believed to 
result from high doses of intense UVR exposure in short 
increments of time and is therefore considered a measure 
of intermittency. However, blistering sunburn is also a 
measure of cutaneous sensitivity to sunlight exposure and 
may explain the observed associations in our study popu- 
lation for both BCC and SCC when co-factors measuring 
skin susceptibility to sunlight exposure were excluded 
from the multivariate models. 

It has been estimated that approximately 25% of life- 
time sunlight exposure occurs before 18 years of age 
[39]. Young childhood and adolescence is considered a 
time period when individuals have greater vulnerability 
to toxic exposure, such as UVR [39]. Associations with 
first occurrence of blistering sunburn during childhood 
or adolescence (age periods prior to skin cancer diagno- 
sis) were similar for BCC and SCC risk in our study 
population when adjusting for demographic and lifestyle 
factors but not skin susceptibility factors to sunlight ex- 
posure. Among residents of Western Australia, blistering 
sunburn between 10 to 14 years of age was associated 
with BCC [24] while sunburn between 35 to 39 years of 
age was associated with SCC [20]. Many epidemiologic 
studies have investigated the association between sun- 
light exposure in early childhood and nevus develop- 
ment and provide evidence that increasing sunlight 
exposure in early years of life is associated with melano- 
cytic nevus development [26-31]. Since most nevi de- 
velop in childhood and early adolescence [26-31] and 
the number of moles on the body decrease with an in- 
crease in age [40-43] their presence in adulthood may be 
considered an indicator of high UV exposure in child- 
hood. Self-reported presence of >10 moles on the entire 
body were significantly and positively associated with 
SCC in our study population. Similar results were not 
observed for BCC. A limited number of studies have 
reported findings for the association between the pres- 
ence of moles and NMSC, of which, one case-control 
study from Western Australia [44] and one prospective 
cohort study of U.S. male health professionals [45] 
observed a positive dose-response relationship between 
an increasing number of moles and BCC. In contrast, 
among adults from the U.S. [37], the presence of moles 
was not associated with either BCC or SCC risk. 

The current study has some limitations. Clinic based 
study populations are not necessarily representative 
samples of the general population. Information on the 
sub-type of BCC diagnosis (superficial and nodular) was 
not available for the BCC cases included in the current 
study population. As reported by Pelucchi et al. [46], the 
risk of superficial versus nodular BCC may differ by 
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patterns of sunlight exposure. If proven true, this may 
minimize the differences in the effect sizes observed be- 
tween BCC and SCC cases in relation to measures of 
patterns of sunlight exposure. The ability to detect sta- 
tistically significant associations was limited by the small 
sample size including participants with a wide age distribu- 
tion, as well as by exposure variables with multiple strata 
and adjustment for multiple co-factors. Additionally, sun- 
light exposure was not assessed at the site of BCC or SCC 
diagnosis, as done in previous studies [20,24]. Depending 
on the site of skin cancer diagnosis, this may result in par- 
ticipants underestimating the amount of sunlight exposure 
to the site of skin cancer diagnosis which, in turn would 
attenuate the observed differences. The anatomical distri- 
butions of BCC and SCC on the face, ears/neck, arms/ 
hands, or other body parts are 76% and 39%, 12% and 
14%, 3% and 21%, and 9% and 27%, respectively. Among 
BCC and SCC cases combined, 60% of skin cancers in our 
study population occurred on the face. Since the face is 
chronically exposed to sunlight exposure regardless of the 
outdoor activity or type of clothing being worn, this could 
result in cases under-reporting their sunlight exposure. 
We also did not collect information on sunlight exposure 
during holidays or recreational activities. It is difficult to 
compare results across studies for the relationship be- 
tween sunlight exposure and skin cancer due mainly to in- 
consistencies and variations in the methods used to 
measure sunlight exposure. 

The questionnaire utilized in the current study 
includes questions previously validated for use in a skin 
cancer study conducted in Arizona, US [37]. However, 
despite the validity, there are additional challenges in ex- 
posure ascertainment by use of self-administered ques- 
tionnaire that should be noted, such as recall bias, 
misclassification of exposure, and bias due to missing 
data. Case-control studies are often subject to recall bias 
because cases tend to think about their exposures more 
carefully as they might relate to their current cancer 
diagnosis. In addition, self-reported measures of previ- 
ous sunlight exposures may result in measurement error 
from difficulty in remembering habits in the past. How- 
ever, there is no reason to believe that the type of NMSC 
(i.e. BCC vs. SCC) would influence patients to think dif- 
ferently about their past sunlight exposure that would 
affect the OR comparison between BCC and SCC cases. 
Additionally, no significant differences in age and gender 
were observed between BCC and SCC cases that com- 
pleted the study questionnaire and those that did not 
and further investigations demonstrated no bias due to 
missing data in the effect measures between patterns 
and timing of sunlight exposure in NMSC. Unlike previ- 
ous studies [20,24,36], we measured intermittency of 
sunlight exposure in the current study by assuming that 
weekend hours were "non-working" hours for our study 



population and we were unable to estimate "lifetime" 
sunlight exposure or consider the amount of ambient 
solar irradiance received by study participants. Addition- 
ally, with regards to occupational sunlight exposure, cau- 
tion should be taken when interpreting the results. More 
specifically, having a job in the sun for >3 months could 
involve indoor work up to 9 months of the year. How- 
ever, as outlined in the introduction, intermittent sun- 
light exposure has been defined in previous studies as 
well as in the current study as sunlight exposure 
received mostly during non-working days (assuming 
non-working days is <2 days per week) or during a trad- 
itional 2 day weekend or while vacationing to regions 
with a higher UV index than an individual's place of resi- 
dence. Given this definition, a job in the sun for 
>3 months is indicative of continuous sunlight exposure. 
However, it is also possible that having a job in the sun 
for >3 months could involve initial intermittent sunlight 
exposure provided the individual's occupation included 
indoor work during the previous 9 months. However, for 
individuals reporting a job in the sun for >3 months for 
>10 years it is possible to conclude that these individuals 
have had high levels of continuous sunlight exposure for 
a minimum of 10 years. Finally, caution should be taken 
when interpreting the observations between age at first 
tanning bed use and SCC. Younger age at first tanning 
bed use was associated with SCC, but not BCC, and older 
age at first use was not associated with either skin cancer 
type in our study. While this observation may suggest that 
sunlight exposure at an earlier age is more important for 
SCC than BCC risk, it may also be an indicator of higher 
cumulative lifetime UVR exposure and as previously dis- 
cussed, it has been hypothesized that continuous, lifelong 
sunlight exposure increases the risk for SCC. 

Strengths of the current study should also be noted; it 
is the first case-control study to formally evaluate mea- 
sures of patterns and timing of sunlight exposure in 
NMSC in a high risk U.S. population as well as to 
present findings simultaneously for both BCC and SCC, 
allowing for direct comparisons of patterns and timing 
of sunlight by skin cancer type. The controls were 
screened for current signs of BCC and SCC by a nurse 
practitioner to avoid misclassification of case-control 
status that may result from self-reported data. This is an 
important strength of our study as a portion of the 
screened patients were included as cases. 

Understanding how sunlight exposure responses may 
potentially differ by NMSC type is important for better 
educating the public in sun safe behaviors. Simply advis- 
ing a reduction in sunlight exposure will not help reduce 
the incidence of NMSC if changes in sunlight exposure 
patterns are related to skin cancer development. For ex- 
ample, applying sunscreen while on vacation may de- 
crease BCC risk associated with intermittent sunlight 
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exposure, but may not impact the risk of SCC, which 
may be more strongly related with continuous sunlight 
exposure. Additional studies are needed to highlight 
similarities and differences in the exposure-response re- 
lationship of patterns and timing of sunlight exposure 
with BCC and SCC. Furthermore, standardized methods 
for measuring sunlight exposure should be established to 
enable comparisons across different study populations. 
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